The extent to which selection has shaped present-day human populations has attracted 2 intense scrutiny, and examples of local adaptations abound. However, the evolutionary 3 trajectory of alleles that, today, are deleterious has received much less attention. To 4 address this question, the genomes of 2,062 individuals, including 1,179 ancient humans, 5 were reanalyzed to assess how frequencies of risk alleles and their homozygosity changed 6 through space and time in Europe over the past 45,000 years. While the overall deleterious 7 homozygosity has consistently decreased, risk alleles have steadily increased in frequency 8 over that period of time. Those that increased most are associated with diseases such as 9 asthma, Crohn disease, diabetes and obesity, which are highly prevalent in present-day 10 populations. These findings may not run against the existence of local adaptations, but 11 highlight the limitations imposed by drift and population dynamics on the strength of 12 selection in purging deleterious mutations from human populations. 13 15 Depletion (CADD).
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because of a nonadaptive factor (repeated range expansions). One signature that is miss-165 ing from typical range expansions is a frequency gradient along the expansion axis (from 166 Q4 to the other quadrants; 31); this absence of gradient may however be caused by mul-167 tiple expansions, whose individual directions are not necessarily overlapping. This may 168 also be the reason why an increase in the homozygosity of deleterious variants was not 169 observed here. As a result, the existence of geographic regions of high fitness in which 170 the effects of deleterious mutations would be partially masked, as predicted by range 171 expansion models (32), seems unlikely in European humans. 172 The assessment of the phenotypic effects of variants was based on CADD scores, which 173 correlate with a number of experimental data related to pathogenicity, disease severity, 174 etc. (20) , but that also show a number of discrepancies in select cases (33; 34), or in a 175 study of 12,391 cancer-related SNPs (35) . While this number represents 12% of the SNPs 176 analyzed above, it is unlikely that the results presented here are affected by the predictive 177 power of CADD scores. Indeed, previous studies used a different score, the Genomic 178 Evolutionary Rate Profiling (GERP) Rejected Substitution (RS) score, to predict the 179 phenotypic impact of mutations (36), and showed either the existence of a spatial increase 180 of deleterious mutations from Africa to the rest of the world, consistent with the expansion 181 axes out of Africa (25), or an increase of deleterious alleles at the front of a range expansion 182 compared to the inner core of the source population (37). The data presented here add 183 a temporal dimension to these previous spatial results, which were found at a broader 184 scale. It is therefore possible that the results presented here, limited to Europe, be 185 generalizable to the rest of the non-Subsaharan human populations. Simulations can be be possible to test the effectiveness of selection at purging deleterious mutations from 190 non-Subsaharan human populations.
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Materials and Methods
192
Genotypic Data
193
Complete genotypic data were retrieved for nine ancient DNA studies that mostly focused 194 on European individuals (12; 11; 41; 42; 43; 44; 45; 46; 47) 134 in Q3; 320 in Q4: total ancient 1,179). These time periods correspond roughly to the 209 mesolithic (t1: 45,000-10,000 BCE), the neolithic (t2: 10,000-3,500 BCE), the bronze 210 age (t3: 3,500-0 BCE), and modern humans (t4: the 2000s CE).
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Each individual was genotyped at 1,233,013 SNPs (the '1240k capture', (11)), and hence contained information for twice as many or 2,466,026 alleles. To avoid computa-213 tional issues related to loading large files (with 2,466,026 rows for 2,062 individuals) into 214 memory, each genome was saved to an individual file. Figure 3A . The fitted loess curve is shown in red. In both panels, quadrants are color-coded as shown in panel (A). Figure S3 . Slopes of the regressions as in Figure 3A as a function of the frequency of risk alleles at time t4 (present day). Robust regression lines (in red) are shown for negative (lower line; t = 3, 395, df = 835,497, P < 2 × 10 −16 ) and positive (upper line; t = 3, 821, df =996,666, P < 2 × 10 −16 ) slopes.
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Negative slopes Positive slopes Figure S4 . Present-day frequency of risk alleles and CADD scores. Slopes of the regressions of risk allele frequencies against time (as in Figure  3A ). (A), for the negative slopes (t = 1.747, df = 4674, P = 0.0808). (B), for the positive slopes (t = −0.480, df = 5524, P = 0.6310). In both panels, quadrants are color-coded as shown in panel (A). Table   Table S1 
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